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DECLARATION UNDER 37 C.F.R. 6 1.132 

The undersigned, Dr. Johannes Jacobus Voorberg of Paardenakker 20, 1 S3 1SR 
Warmer, the Netherlands, herewith declares as follows: 

I. I am an expert in the field of blood coagulation as evidenced by my resume, 
which is attached as Exhibit A. Additionally, I am one of the inventors of the above- 
identified U.S. Patent application* filed on December 29, 2000. 



2. The Bethesda assay is recommended by the International Society on 
Thrombosis Haeraostasis as a test for determining factor Vm inhibitors in plasma from 
patients. The Bethesda assay is used worldwide for the identification of factor VDI inhibitors. 



3. A positive result of the Bethesda assay indicates that the antibodies in question 
will actually inhibit factor Vm and result .in an increased bleeding risk. Therefore, the said 
Bethesda assay is very important for determining the presence of inhibiting antibodies. 
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4. Attached as Exhibit B is an article by Alan Giles et al. (Thromb. Haemost 
1998; 79: 872-5) written by members of the Scientific and Standardization Committee of the 
International Society on Thrombosis and Haemostasia. The Bethesda assay is characterized 
as follows: 

Subsequently, the Bethesda assay has achieved international recognition and 
is now the most frequently used approach for this purpose around the world. 
(See page 872, 2 nd col, line 19.) 

5. The in vitro data obtained with the Bethesda assay do indeed correlate well 
with the in vivo data in haemophiliacs with inhibitors. When the result of the Bethesda assay 
is negative, the medical doctor will take that as evidence for the absence of inhibiting 
antibodies. The absence of inhibiting antibodies means higher efficacy and nonnal half-life . 
of the factor VJH given to the patient 

6. Attached aa Exhibit C is an article by Jean Gilles et al. (Blood 2004, 
103(7):26 17-2623), which describes a study using anti-idiotypic antibodies directed against a 
factor VIII inhibitor- Anti-idiotypic antibodies can neutralise the inhibiting effect of factor 
Vm inhibitors in vitro (using an assay based on the Bethesda assay). See Figure 1C, In a 
mouse model for haemophilia A, identical results are obtained. See Figure 4. Therefore, the 
in vitro data found with the Bethesda assay correlate well with in vivo data obtained in test 
animals. 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true. Further that 
these statements were made with the knowledge that willfully false statements and the like so 
made are punishable by fine or imprisonment or both under Section 1001 of Title 1 S of the 
United States Code, and that such willfully false statements may jeopardize the validity of the 
application of any patent issued thereon. 




Respectfully submitted. 
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Scientific and Standardization Committee Communication ea»«m«^ 

A Detailed Comparison of the Performance 

of the Standard versus the Nijmegen Modification 

of the Bethesda Assay in Detecting Factor VIII:C Inhibitors 

in the Haemophilia A Population of Canada 

Alan R- GJIesi-*, Bert Verbruggen 3 , Georges E, Rivard 2 , Jerome Teitel 2 , Irwin Walker 2 
and the Association of Hemophilia Centre Directors of Canada* 

On behalf of Factor Vlll/IX Subcommittee of Scientific and Standardization 
Committee of International Society on Thrombosis and Haemostasis 

From the WHCDC Factor VIII Inhibitor Reference Laboratory Kingston General Hospital. Kingston. 
Ontario Canada, *the Association of Hemophilia Centre Directors or Canada (AHCPC), Toronto. ON. Canada; 
athe Central Laboratory for Hematology of Academic Hospital St. Radboud. Ni]megea The Netherlands 



Summary 

The Bethesda assay is widely used id monitor Ihe development and 
progress of Faclor VUI:C inhibitor* Faclor VIU atnbility in the sub- 
strate plasmq (normal pool) ia compromised by pH shift and reduction 
in proiein concentration. Preliminary slurry, by Verbruggen and col- 
leagues (8), suggested a reduclion in spuriously positive assay results 
may Teaull from buffering Iho normal pool plasma substrate with imid- 
azole to pH 7.4 ond substituting Factor VIU deficient plasma for imid- 
azole buffer in the control incubation mix. These laboratory findings 
have now been confirmed by the performance of both the standard and 
ihe modified Bethesda ossaya in parallel an 877 patient samples 
acreenad during Ihe Faclor VJU;C Inhibitor Surveillance Program insti* 
wtad following the conversion of nil Canadian haemophilia A patients 
|o recombinant FactoT VIII. Although ihia pludy does not address the 
question of the clinical significance of spurious positive assays, these 
laboratory findings do support the conclusions of Verbruggen and the 
modified assay has recently been endorsed by the Factor VUI/DC Sub- 
committee of the SSC. 
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Introduction 

The development of homologous ontihndies to Factor VJHrC 
(F VHIC) in the treatment of patient with hflemophnia A (Factor VIII 
deficiency) remains as one of Iho major challenges in .tha traatmejil of 
this condition (1). The actual incidence reported varies widely from as 
low as 2A (2) to as high as 52% (3). The explanation for mis discrepan- 
cy is clearly multifactorial, reflecting amongst other things inown 
changes in prevalence during Iho natural history of the disorder in any 
one individual (4) and the clearly heterogeneous nature of the group of 
inhibitors that compromise F VUJ function and/or survival following its 
intoaion into a deficient individual (5), The latter clearly has a major in- 
fluence with regard to the choices of methodological approach, any one 
of which maybe more or less appropriate for the detection of a particu- 
lar claps or type of inhibitor. Despite this, however, there is clear need 
to standardize ihe methods used wherever possible in order to minimize 
variations in procedure as contributing factors to discrepant observa- 
tions. Recognition of this led to a consonsus of North American haemo- 
philia treaters to recommend Ihe edoptioo of on assay where the 
methodological approach and tha F VIII inhibitory units assigned were 
standardized (tf). Subsequently, the Bethesda aasay has achieved inter- 
national recognition and is now the most (recently used approach for 
thispurposo throughout the world. Nonetheless, as acknowledged by its 
original proponents, it is clearly a compmmiBO approach given that no 
one assay can be expected w capture all clinically significant inhibitors 
to F VHJ:C (6). Despite this reservation, however, the introduction oF 
new therapies, such as recombinant F VIII (rF VUT) and the prospect of 
gene therapy in the not too distant roture, emphasizes the need for a 
consensual approach to be adopted in evaluating these treatment strate- 
gies with regard to any potential risk fbr the development of inhibitors. 
In monitoring the introduction of rF MIT, the Belheada assay has been 1 
used in most studies as the gold standard for this purpose (7). Verbrug- | 
gen and co-woricera, however, have preaented theoreiical and clinical 
data suggesting lhat the use of the original method may give ri se to spu- 
riously positive results due to its failure to accommodate shifts in pH 
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and protein concentralion which lead to loss of F VUI:C activity unre- 
lated to the presence of inhibitory activity (8). 

Late in 1593, the Canadian Blood Agency agreed to fund the conver- 
sion of all Canadian haemophilia A portents from plasma derived to 
rF VUL Consequent to this, the Association of Hemophilia Centre 
Directors of Canada developed a surveillance program to monitor 
F VIU inhibi tor development heforo find after this took place. In recog- 
nitian of tha possible influence of methodological differences in the 
performance, of F VIU inhibitor assays in laboratories associated with 
the 24 Canftdian regional haemophilia programs, ell directors agreed to 
send patient samples, obtained before and for two years after conver- 
sion lo rF VIII, to a national reference contre established under the 
supervision of one of the authors (ARG). Initially and by consensus 
amongst all the directors, the standard Bethesda aseay was adopted and 
used exclusively during the firet year of surveillance. Subsequently, 
however, with the sponsorship of the F VIU Subcommittee of the 
Scientific & Standardization Committee (SSC) of the International 
Society on Thrombosis and Haemostasis (ISTH). ii was agreed that all 
samples received by the reFerenco centre would be assayed in parallel 
by the standard andNijmegen modified Bethesda assay in order to pro- 
vide comparative data from a large group of haemophiliacs all receiv- 
ing the name replacement therapy and with all plasma samples collect- 
ed by a standardized protocol and analyzed by a single laboratory. This 
study waa not intended to examine the clinical significance of these 
finding* although when considered in the light of the data of Verbrag- 
gen and co-worlcers (8). does suggest that tbo modifications described 
by them should be adopted in all future surveillance programs where 
the Belheado assay is used. 

Materials and Methods 

Nate: Detailed protocols on blood colloctian/plflfltra sample preparation 
and ussy performance are available from the principal author (ARG) al ihe 
oddieaa/E-nvoil (preferred) given above. 

Plaima Preparation 

K standard protocol was followed by all panicipniiQg clinics- Blood was 
drawn by a I wo syringe technique via 19 gauHobutierfly needle. The first draw 
(3 ml) wo* discorded and the second (JO ml) used lo fill s vneulainer (Becton & 
Dickinson. NJ t U3A) conlniwog sodium citrate 04 1 M (U%) - 9 vol. blood to 
I vol. anticoagulant. Platelet-poor plasma (FPP) was obtained by cBnlrifugaDon 
either by o single spin 0(2,500 G for 15 min at 4° C or a double spin at 2,000 Q 
tor 10 min followed by a m-apio of the separated plasma at 2.500 G for 15 min 
al V C Plaaraa was removed and eliquoled in 1.0 ml vol. into capped plastic 
lubtf. AU specimen* were frown either by placing on dry ice or in a low tem- 
perature frocwr (-60 Q C or lower) within 2 h ofveaisediDD- All specimens were 
shipped on dry ice to the referenco centre far essey. 

Normal pool plasms was prepared by an identical protocol following collec- 
tion of blood from 20 normal (10 mate/10 female) volunteers. Each individual 
FPP sample was screened (AFTT/PT/TT) prior lo pooling to provide a given lot 
of normal pool plasma, Lois were collected approximately every two moniha. 
After pooling, each lot was divided into two and one biuTcrcd by adding solid 
imidazole (Sigma, Si. louis. MO, USA) to a concentration ofO-lM with adjust- 
ment to pH 7.4 by tha slow addition of IN wiih conwam stirring at 4° C. 
Tfto individwo! lots of buffered and non-buffered normal pool plasma were then 
frozen in 1.0 ul aliquot* aod stored oi-70 Q C ualil required. 

Factor VUt:CA&oy 

F VH1.-C assay was measured in a one Binge APTT-baacd cloning assay (9) 
on d Coofi-n-mnla X2 (Organoa Tejcnika Canada, ON, Canada). ApTT resnent 
and immimadeplcled F VIU deficient pla*nu was obtained from Biopool 
Canada (Biopool, Burlington, ON, Canada). 



Bcihtsfa Assay Protocol 

One sample from eschpationt was assayed Tor evidence of F VIII Inhibitory 
seiiviry by both tbe standard or classical Bethesda assay (CB) as described by 
Kasper and co-workcra (6) and die Niirneaen modified Bethesda (NB) as oe- 
icrihed by Verbruggcn and eo-worlcera (8). In each ease, the assays were per- 
formed concurrently. In the CB 1 vol of patient plasma wos incubated with 
1 vol of unbuffered normal pool plasma for 2 b al 37° C l» o waierbath. At ihe 
remc time, 1 vol of unbuffered normal pool plasma was incubated with imida- 
zole buffer (0.05 M. pU 7 J) as a control mixture. In the case of the NB, 1 vol 
of patient plasma wns. incubated with 1 vol of imidazole buttered CpH 7.4) nor- 
mal pool plasma for 2 h at 37* C together with a control mixture of I vol of 
imidazole buffered normal pool plasma (pH 7.4) with 1 vol of inarauoadepleted 
F VhT deficient plasma. After iha 2 h incubation, in stoppered rubes, each mix- 
ture was assayed forrcaidual F VIII activity. Hie percentage residual scrlvily of 
the test versus the control mixture was determined and platted logadthmically 
against units of inhibitor activity on on arilhmeiio scale. One unit ofBeihesdo 
inhibilof activity was determined as previously described by Kasper and co- 
workers as that reaultinff in a 50% loss orF VIU activity after 2 h incubation o| 
37° C (6). Where the percent residual found was between 25-75% Berbesda 
units ibe result was ddenuined using the standard curve as previously de- 
scribed (6). Where Ihe low of activity was *75%. the assay was repented with 
•pproprinle dilwion with F VII7 deficient plasma and the result calculated lo 
account for mis. 

Patients 

All patients surveyed were registered with one of Ihe 24 comprehensive 
regional haemophilia programa serving the toial haemophilia population in 
Canada. The bnaia fcr the surveillance program, ie. lo provide early wnmina or 
increased incidence of F VllhC Inhibitors should Ibis occur [allowing ibe use 
of rF VUI (rP VIII), wee explained to each patient and/or their guardian. The 
blood samples obtained were collected during regular aa-moDihly and annual 
reviews at the cliaie which they attended. The investigations were pan of the 
normal battery of tests performed al that time. The derails of the program were 
reviewed by the ethics review board al each of tha institutions involved. In the 
majority of cases it was decided thai a signatured, informed consent wM not re- 
quired due io the investigations being performed being part of normal msnafjo- 
ment procedures. In the minority, the recommendation to obtain written, in- 
formed consent &o« each patient or their guardian was followed. AH patients 
reviewed below wero converted from plasma-derived F VUI to rF VUI (Kogen- 
ato - Bayer, West Haven, CT, U9A) during the period of Ihe survey. As the 
majority of the patients bad undergone conversion prior to the initiation of this 
comparative study^ only a minority of pre-convcrsion samples were available 
for comparative assay purposes . 

Survey of Laboratory ProioccU for F VIU Inhibitor Development 

The majority of laboratories continued to perform* VIU Inhibiioraways us- 
ing their own in-house method end reagents. A detailed survey was performed 
to identify methodological differences both between and within Ihe osiay 
systems used. Particular ernphagis wos pJoead oo the use of commercial (usual- 
ly lynphilized), florrnal and F VflT-deficient plasma proparauona in Ihe assay. 
The normolpraetice of bufferine plasmas priorto lyoplulizaricra was considered 
pBiticolarly relevant in view of Iha proposed influence thai ihio procedure could 
have on subsequent F VIII inhibitor assay performance. 

Statistical Analyst* 

Where appropriate, statistical analysis was performed by unpaired Student's 
t-tesL 

Results 

Eight hundred and Beventy-aeven Canadian haemophilia A patients 
have been converted from plaania-derived to recombinant f VIII 
(rF VUI) since October 1993. Plasma aamples from all these patients 
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Fig. I Methodological differences between the performance of the standard 
or classical fleiheadt Assay (6) and Ihe modified (NUmegen) assay (8) ore illus- 
trated 
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Table 2 Incidence ofF VU1:C inhibitors in Cwiadian haemophilia population 

Se ptember 19PS - June 1996 

Negative (<0.5 BU) Positive (£0,5 BU) . xTitrcA S.P, 
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34 
829 



CB 
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830(95%) 



47 (5%) 

35 cm 



15.48 ± 34-57 
JUngfc 0.5-165 
33.44**9.72 
Range 0,5475 
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were obtained prior to conversion and assayed by the standard or clas- 
sic*} Bethesda assay (CB). Of these, 626 patients have been Mowed 
for one year Hud 326 for two veers, Prior to evaluating the results ob- 
tained 19 laboratories, serving the 24 haemophilia programs and nor- 
mally performing the Bethesda assay, were surveyed as to ihe cutoff 
used in Bethesda units (BU) lhat would be reported aa compatible with 
Ihe presence of an inhibitor to F VUI:C. The recommendations ranged 
from minimal (>0) to >l.9 BU. The majority (N-9) reported values of 
O.S BU or greater By consensus therefore, this vahiehas bean used in 
reporting the outcome of the surveillance program. Preliminary analy- 
sis suggests that there has been no increase in the incidence of inhibitor 
development one and two years following conversion to rF VJJ1 (10). A 
lull report will be prepared and submitted after all patients have been 
followed for at leaat two years. 

Commencing in October 1995, all samples were assayed by CB nnd 
the Nijmegen modification (NB). Eight hundred and seventy-sevan as- 
says have been run in parallel, of which 233 were performed on Bam- 
pies obtained from individual a prior to conversion from plasma-derived 
to rF VXll with the balance performed on post-conversion sample*. Us- 
ing the consensual but arbitrary cul-off of Q.5 BU or greater, 47 samples 
demonstrated the presence of an inhibitor using the classical method 
compared with 35 using the Nymegen modified procedure. The distri- 
bution of results are shown in Table 1. Only one specimen was negative 
by CB (0.4 BU) and positive by MB (0.5 BU). More frequently, the 
relationship was reversed with 13 specimens being judged positive by 
CB (Range: 0,5-0.8 BU) and negative by NB (Range: 0-G\2 BU). As 
measured by these criteria, the incidence of inhibitors in the rF VIII 
Canadian haemophilia population was 5Vo as assessed by CB and 4% 
by NB fTahle 2), In those individuals judged to he positive for inhibitor 
presence, the mean inhibitor litre was 15,48 ± 34.57 (SD) BU with a 
range of 0-5-1 65 BUby the classical method. Using the Numegen mod- 
ified procedure, die mean litre was 33.44 + 69.72 (SD) with a range of 
0.5-275 BU. The differences were not significant (P <0.05 - unpaired 
Student's Meats). 

Althougj the cut-off adopted in the Canadian surveillance program 
is in line with that used in many other reported studies, U does not nec- 
essarily reflect universal practice. Table 3 provides the distribution of 
all the assay results obtained, including those in Ihe "grey zone" from 
minimal detectable inhibitory activity 0*> BU) to <&5- Ttc trend for 
the Nijmegen modification to reduce the numbor of positive assays was 
also observed even in the "grey zone". Thirty-one aamples exhibited 
some inhibitory activity (>O-<0.5 BU) by CB but were completely neg- 
ative byNB. In eleven specimens this relationship was reversed. 

Survey o/Bmhesda Assay Protocol! Used by Participating 
Canadian Haemophilia Centre laboratories 

Nineteen of the participating laboratories followed the classical 
Bethesda assay in broad detail but a number of methodological vari- 
ables and difference in reporting practices were identified. Full details 
of this survey will be reported elsewhere but of particular relevance to 
this report was the finding that nine laboratories used conuuercial hyo- 
philizod normal pool plasma in their assay systems. Cross-checking 
with tha manufacturers confirmed that all were buffered prior to lyo- 
philization but in no case was imidazole used for this purpose. 

Discussion 

These data support tha preliminary findings of Verbruggen and co- 
workers in support of their prediction based, on study of F VIII sUbU- 
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iry under varying conditions of pH Bnd protein concentration, that fail- 
ure to control these parameters during the course of performing ihe 
Bethesda assay nay lend to the reporting of spuriously positive results 
(8). Although the Canadian F VUI Inhibitor Surveillance Program had 
arbitrarily elected a cut-off of 0 5 BU or greater, the data suggest that 
the conclusion reached was independent of the value chosen. As would 
be expected on theoretical grounds, the modified method appeared to 
be mainly influential in reducing the number of low titre inhibitors re- 
ported with the classical method, where F VHI was not protected from 
shifts in pH and protein concentration. There was also a trend towards 
higher recorded litres with the modified method in samples demonstrat- 
ing inhibitory activity in the upper rang 0 ° r the tines observed in this 
study. The latter did not reach statistical significance, however, when 
compared to the results obtained with the un-modified assay. The sig- 
nificance of the low titre "grey zone" (X>-<a.S BU) results with the 
modified assay can only be determined by carefully controlled F VD1 
recovery/survival study, treatment outcomo observations and follow up 
study with both laboratory and clinical monitoring. The primary objec- 
tive of this study was to perform a detailed parallel comparison of ihe 
two assays' performance. Consequently, these data cannot address 
too issues but such fbllow-up studies arc clearly warranted 

The finding thai a number oflaboratories using commercially avail- 
able lyophilized and therefore buffered normal pooled plasma have, 
aboil inadvertently,' adopted one of the two recommended Nijmegen 
modifications ia of interest This may well explain why the impact 
of tho recommendations made have been questioned by soma 
laboratories 1 experience in evaluating the modified assay against the 
standard procedure. It is entirely possible that ihe benefits observed in 
this study may have bean blunted by partial adoption Df the recommen- 
dations made through the use of commercial plasnws. Although none of 
the preparations available commercially are buffered with imidazole, 
there is no reason to suspect that other buffering systems cannot be sub- 
stituted. This should, however, bo confirmed by further study. 

The use. in the Numegen modification, of F VUI deficient plasma in 
place of imidazole buffer, bath aa the substitute for patient (test) plasma 
in ihe control mixture and as a diluent of the palient sample if the assay 
result falls outside iha permissible range, deserves additional comment. 
The commercial F VIII deficient plasma used in these studios was 
immimodeplfited. Use of chemically depleted F VIE deficient plasma 
could theoretically give spurious results due to me presence of F VUI 
which, although tunctionlflfls, could still provide the antigenic sites for 
F VTII antibodies in the lest plasma- This theoretical consideration bus 
been confirmed by personal observation (BV) and more recently by a 
detailed Canadian multicentre comparative assay aiudy (11). Thus, in 
general, chemically depleted F VUI deficient plasma should not be used 
as a diluent in any F VUI inhibitor assay procedure including those 
described here. The use of F VTH deficient plasma as a substitute for 
buffer solutions also has significant cost implications. Theoretically, 
the objective of maintaining protein concentrations in the control mix- 
ture and following test sample dilution could be achieved using an 
albumin solution or other protein substitutes as a cheaper alternative. 
This possibility is currently under evaluation. 

It should be emphasized that in proposing thia approach to the labor- 
atory monitoring of F VfU inhibitor development, Kaspar and co-work- 
ers clearly recognized its limitations but recommended it as a standard- 
bed and manageable compromise for the monitoring of the majority of 
haemophilia A patients and comparing the results obtained from one 
laboratory to the next (6). The recommendations of the Nijmegen group 
are in line with this approach of standardizing and optimizing the assay 
procedure in order to facilitate inter-laboratory comparisons that are 



essential for both monitoring the safery of F VIII replacement therapy 
with regard to inhibitor development and also in evaluating tho effica- 
cy of procedures designed to ablate or moderate established F VTII;C 
inhibitors in congenital or acquired F VID:C deficiency. Thus, based on 
the findings reported, the recommendation ^ the standard or classical 
Betfaesda assay should be modified to include buffering of the substrate 
normal pool plasma and the use of F VOl deficient plasma in place of 
imidazole buffer in the control mixture, as described under Method 3, 
was recommended to the Subcommittee on F VIII and F IX of the 
Scientific & Standardization Committee of the International Society of 
Thrombosis and Haemostasia at their meetings in Barcelona and Dub- 
lin in June, 1996. This was accepted by consensus for recommendation 
to the membership and other interested parries. 
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la vivo neutralization of a C2 domain-specific human anti-Factor VIII inhibitor 
by an anti-idiotypic antibody 

Jean Guy G. GWes, Sabrtna C Grallly. Marc Da Maayar. Marc G. JacquemJn, Luc P. vanderEJst. and Jean-Mario R- Salnt-Ramy 



mAbB02C11 functional Inhibitory proper- 
tl98. Modeling of the 3-0 conformation of 
mAb14C12 VH and alignment with the 3-D 
Gtructura of tha 02 domain showed putative 
31 surfapn-exposed amino acid residues 
either Identical or homologous to lha C2 
domain. These Intruded one C2 phospho- 
lipld-Wndlnpj site. Uu2251-Lou22S2, but not 
Met21QQ-Ph*i22Q0. Forty putative contact 
residues with mAbBCJ2C11 were Identified. 
mAb14C12 do3a-dependantty neutralized 
rnAbB02C11 Inhibitory activity In mica with 
hemophilia A reconstituted with human re- 
combinant FVIH (rFVIII). allowing full expres- 



sion of pvill activity. It also neutralized In an 
ImmunopreclpftaUon aaeay- approximately 
50% of polyclonal antl-C2 Aba obtained from 
3 of 6 unrelated patients, mAb14C12 la the 
first example of an antHdlotyplc Ab that 
fully restores FVW activity In vivo In the 
presence of an antkC2 Inhibitor. Tha present 
results establish the In vitro and In vivo 
proof of concept far Idlotypo-medtatad neu- 
tralization of a major data of FVIH Inhibitors, 
(Blood. 2004;103:2617-2623) 
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Factor VIII (FVIH) administration alldts 
specific Inhibitory antibodies (Abe) In 
about 25% of patients with hemophilia A. 
The majority of such Abe reacts with FVIJI 
C2 domain- mAbB02CH la a hlgh-afflnlry 
human monoclonal antibody (mAb) di- 
rected toward the C2 domain, which Is 
raprasentatlva of a major class of human 
FVIH Inhibitors. Antl-ldlotyplc Abs were 
raised to mAbB02C11 to establish their 
neutralizing potential toward Inhibitors. One 
mouse antl-ldlotyplc mAb, 111^14012, spe- 
cifically prevented mAbBG2C11 binding to 
FVIH C2 domain and fully neutralized 

Introduction * — 

Hemophilia A js characterized by a functional deficiency of 
coagulation Factor VJXl (FVIH). o cofactor for the formation of the 
intrinsic tenase complex, which is required far thrombin genera- 
tion. Patients with hemophilia A suffer from spontaneous or 
posttraumatic bleeding into joima, muscles, or 6oft tissues. Replace- 
ment therapy using cither plasm a-dcrived or recombinant FVTfl is 
complicated in about 25W of the patients by the development of 
specific antibodies (Aba) that neutralize FVIU function, also celled 
inhibitors. 1 - 3 The presence of an FVH1 inhibitor precluded tamer ■ 
specific replacement, thereby threatening the patient's life. To date, 
patients with FVNJ inhibitor are treated by administrarion of 
bypassing agents, including recombinant FVJTa. a Administration of 
high doses of FVZH over extended period* of time is considered in 
some cases, but such a therapy is extremely costly and limited to 
patients with recent and low inhibitor liters. 4 Neutralizing anti- 
FVin inhibitors nevertheless remains a major challenge and 
alternative; more specific strategies ore warranted. 

One of such strategics would be to directly neutralize the 
function of inhibitor Abs. Methods to inhibit the binding of 
inhibitory Abs to FVJ11 have been proposed, in which FVlll- 
derived peptides compete fqr.the binding to inhibitor,' but they 
have been limited practically by the absence of precise molecular 
information on such Abs and the risk of interfering with normal 
FVTTT activity. . 

Despite its high molecular weight. FVIH presents only a umrted 
number of B-cell epitopes, which are directly or indirectly involved 
m the function of the molecule. 6 The majority of Aba react toward 



the C2 domain of FVIU, which mediates Interactions with von 
Willebrand factor (VWF) and phospholipids (PLs). Wo recently 
derived a humBn monoclonal anu'body (mAb), mAbBOaCU, from 
the peripheral memory B-cell repertoire of a patieul with severe 
hemophilia and a inhibitor, 7 and wo demonstrated that 

mAbB02Cli tenets with high affinity to the CI domain of FVITl. 
Furthermore, the crystal structure of a complex of C2 and 
rnAbB02Cl I Fab firflgment demonstrated that the antibody recog- 
nizes a large conformationftl C2 epitope, 8 Tims. mAbB02Cll 
belongs to a prominent class of FVlH-specific Abs that inhibit the 
binding of f VHI to VWF and PL, Neutralizing anti-FVM inhibi- 
tors nevertheless remains a major challenge. Alternative, more 
specific strategies are warranted. 

Such neutralization could be achieved by using specific anti- 
idiofypie Abs. An Ab idiotype refers to the ensemble of delflmunanls 
thai are located wiuwiis variable part. Anu-idintypic Abs are second- 
generation Abs directed toward the variable part of pathogenic Abs and, 
as such, are highly specific. On the basis of previous findings that 
anti-idiotypic Abs may neutralize FVUJ inhibitor Abs in the plasma of 
healthy individuals 9 ' 10 andofpadcnlswith hemophilia Aunder tolerance 
induction by adminiBtration of high doses of FVHT," it was predicted 
that idiotypic regulation could bo used therapeutically to interfere with 
the function of FVUI inhibitors. 13 

Recent evidence has indicated that only a proportion of 
anti-FVJII Abs exert en inhibitory activity 13 and Ibat FVIU 
inhibitors could emerge from only a limited number of B-cell 
precursors, ax least with regard ro light chain-specific Aba." Taken 
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together, this information sugaests that e limited number of 
anti-idiotypic Abs could be aj] that is required to control 
FVlU inhibitors. 

Starting from rnAbDOlCll, we have generated mou6e ami- 
idiotypic Abs. and we provide in the present paper the in vitro and 
in vivo proof of concept, establishing the basis for idio type- 
mediated neutralization of arqajarclqss of FVtll inhibitors. 



Materials and methods 

Reagents 

Full-length human recombinant FVIH (rFVIIJ) was obtained aa material for 
laboratory ase only (rFVTTT; Bayer, Berkeley, CA). Plasme-dcrived VWF 
was obtained from the Departement Central de Fractionnement jpCF; 
Brussels, Belgium) and funhcr purified as described. 1 * mAbB02Cll JgG4 
specific for the FV»l C2 domain has been fully described- 1 ' 8 Hmnun 
mAhI-E2E9 specific for the C| domain 1 1 and mouse in Aba directed towqrd 
different human FVIU domain or VWF were produced in our center 
(Center for Molecular and Vascular Biology [CMVB]]. 

Anlmala 

CS1BU& FVHr'~ with a target deletion in eaon 1 6*, Initially obtained (Warn 
Dr S. Antonardlda (Geneva, Switzerland), and BALB/c mica were byed in 
our onimnl facilities. All animal experiments were conducted according; "> 
the Ethical Committee Rules for Animal Experimenteof foe University. 

AntHdtotypic mAb production and characterization 

mAbB02Cl I (10 Kg) ernufolned in complete Freund adjuvant (CFA) were 
injected eubcoiflneouary in BALB/c mice, followed by 2 boost injectiooa in 
incomplete Freund adjuvant (IFA) made « 2-wcck iniervala. Antibody tiiert were 
measured by din^tbindins id rnAbB02CI 1 -coated rracnramirion plate* Clones 
were obtained after tains eplmoeytea with the SP2 myeloma cella and expanded 
under limiting dilution. mAbl4C)2 Fob fragments were prepared by digestion 
with papain ngoroBc bends (Pierce, Pocfclhrd, IL) and punned by peasRao over a 
proidn-A Sepharoac column. ReaMime kinetic mtemcUaq between mAbMCtf 
and mAbBQ2Cll waa evaluated by surface plosmon resonance by using a 
Pharniacia Diotonsor BtAcorc tarumant (Pharmacia Biosensor AB, Uppsala, 
Sweden). Purified mAbBCWCU (5 (igAnLin lumM eodium acetate buffer. pH 
5.0) was umjobilfeed on ihc activated surface of a CM5 acrwor chip. wAhl4Cl2 
w mfuscd ntvarioua cottcentnlionfl over tha mApB02CI 1-immobUfccd sensor 
chin surface- Aaeociadon and disaociobon rate eonaania were determined aa 
reported. 7 For sequencing, mKNA &om the mAbMCtf JryWdoma was fcolated 
by using the Quielc Prep Micro mWA Purification Kjt (Amersham Pharmacia 
Biotech. Uppanlo, Sweden). eDNA waa aynOieeized with Firttt-atrand cDNA 
Synthesis Kit (Ameraham PhqimadA Blotoch). The cDNA encoding the heavy 
(VH) and light chain (VL) variable regiona were Bmplifled by polymerase chain 
reociicm (PCR) using specific primer* PCR products were isolated 6™ 1 J% 
flgqroBc gel vising the QlA quick Oel extraction Kit (QioHen, Hilden, Gerrnnny) 
imd cloned uarng die pCEM-T Easy Vector eyalem (Promega, Madison, wj). 
Plnsmid DNA from positive colonies was isolated by using the High Pure 
Plasmid Isolation Kit (Roche Dlagnoaiica, Mannheim. Germany) and sequenced 
In both direcrionfl with Scquenafie (US Biochemial, Cleveland, OH). 

Blndlncj of mAb14C12 to mAbB02C11 and Its neutralization 
Binding 0/nuiWCn to mAbBOlOlt. Microti tnuien plates were wajed 
with 2 what mAbB02CI J . Samples containing mAhUCIl were uddad 
to the plate, nnd bound mAbl4C12 woe detected by addition of ■ 
horseradish peroxidase (HBPHabclcd pont enrimoufio IgO (Bio-Rjid, 
Hercules. CA). Opdcal demiry (Ot» wea eveluated ac 490 nm in. a 
mierotiler plate rtftder Ema* (Molecular Devices. Sunnyvale^ CA). 

Inhibition uf mAhBOZCll t>Mln S to ?Vin */ luAbUClX The 
concentration of wAbBQlCH required to reach HOY* of maximal binding 
io Fvai-conied plates wrb determined. This determinBtion waa citmed out 
by using plotrf corned with 2 pstmiL rFVTII overnight at 4 B C. Ail Ab 



solutions wera diluted in casein buffer (citrate buffer containing 0,5% 
casein, 9 g/L NaCI, pH 7J). Bound jnAbD02Cl l waa detected by using an 
HRP-conjugated mAb specific for human Pc (Southern Biotechnology, 
Birmingham, AL). For inhibition assays, fiQ pJ. of 2 u,g/mL mAbB02CI 1 
wos mixed with on equal volume containing various concentrations of 
mAb MCI 2. The mUture waa prelncubatcd for I hour at 2l*C. Ajiquois of 
SO were applied in duplicates to FVHI-caatcd plates for a fltnher 
incubation of 2 houra at 2]°C, mAbBOiCU hinding waa detected as 
eA/lier, and inhibition wob calculated from the ratio qf QD vuluea. 

Neutralization of mAoBOlCU Inhibitory activity Its o functional 
FVJJltm^ To evaluate the enparivy ofmAb 14C1 2 or of ita Fab fragment 
to restore FVffl function in the presence of the inhibitor mAbB02Ci i. ve 
first determined the concentration of mAb&02CI J required to inhib* 80% 
of FVIH activity in a ftjncuonal chromogenic osauy (Dade B eh ring, 
Marburg. Germany) by using 1 IU/mL rFVTII. The same determination wsa 
made with a total immunoglobulin G (IgO) fraction and with aftlm'ty- 
purified polyclonal anti-FVlll Abs obtained from the mAbBCaCU donor. 
The amount of mAbB02Cl I (or of polyclonal Abs) roquircd io inhibit mt> 
of FV1U pctiviry was mixed with an equal volume of various concentrations 
of mAbMCl2 or of lis Fab rrflp,ment- The mlxturea were incubated frr 
t hour at 37 a c pefore addiuon of rFVUI. An ah'quoc of the mixture was 
retrieved nfter n further i-hour incubation at 37^ and added to the 
chfomoBenic aaany rengents. Control experiments Included rFVTII incu- 
bated alone or with an Ab of unrelated specificity. 

W modeling and allrjnmont of mAb14C12 with tho C2 domain 
The 3-D model of the vqriable papa of mAbl4CI2 waa established by 
aubraittina the corresponding amino acid sequencea to the Web Antibody 
Modelling {WAM; Univeraity of Bath, Swindon, United Kingdom! h«p^ 
Dndbody.bnth.ac.uk/). Thla algorithm takea Into account both conserved 
structures of rrameworfc regions corrected for variations in particular beta 
strands and the large sequence and structure variability of complementarity 
determining regions (CDfcs), which mil into one of the canonical classea, 1 * 
BB well ac die particular sequence of the CDR3, The meibod combines 
database and conform ationnl searches, onergy flcrcening, and alructural- 
dererminingreflidua filtering. Ailgnmeni of C2 domain tmd variable paru of 
mAb!4Cj2 wnfi carried out by combining manual alignment of secondary 
atruccurea with the use of rhe Kubach-Snndor algorithm, 11 and global 
sequence olignment was caleulnicd with the Myera-Miller elgarithm. 11 The 
result woa then refinBd by Juxtaposing Uio 3-D sfruccure of C2 domain 19 and 
Hie WAM model ofmAbl4C12 Fv. 

Inhibition or FVIH binding to VWF and PL 

The capacity of mAbl4Cl2 in Interfere with the binding of FVIll lo cither 
VWF or PL woa Investigated aa follows. Microtiiration plates were coated 
with an and-VWP Ab followed by purified VWF wj described. 14 mAb!4C12 
(],25 jifi/ml* in phoaphaie-burTered saline [PBS] containing 0.5% ceaoin) 
was miited with an equal volume of FVIU at a final concentration of 
1 lU/mU Fifty microliter* of the mixture wna then added to the VWF- or 
PL-coaled plat", and thepiatca ftmherwere incubated for 2 hours at21*C. 
Tlw binding of the FVDI to VWF wos detected by the addition of 2 u,g/mL 
biotin-lobeled m Abl 5 (on qnli-heavy chnin-apecilic anUbody), followed by 
avidm-pem*i4a3c and a specific substrate. To osseas FVIH binding on PL, 
pbtta were coated with phosphatidyl aerine diluted at 10 Hg/mt in 
methanol, and die capacity of roAfaMCU to inhibit the binding of PVW to 
PL was investigated by following the same procedure as far the VWF assay. 
Control experiments included the substitution of mAbl4C|2 by 
mAbBo2CI I , known lo inhibit the binding of FVIH to bom VWF and PL. 7 

Binding or mAb14C12 to antl-FVIH antibodies of unrelated 
donor* and mouse 

Chnhtff of the FVUJ C2 domain cDM fnv»l*ot mid exproMsiiin 111 9 
reticulocyte tramcrlptlonAranshtlon system. The DNA fiagmcni eacodmg 
for the C2 domain wefi fienerated by PCR using primers, bauod by rhe restriction 
pitas Nindm and Mi/l . Seme primer, named according to d>c ant FVTtl amino 
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pad residue encoded, was as follows: 2124, j'<3ATCK:GAAGCTTGTCTTCTT- 
TCJQCAATGTGOaTTCA-3\ The antisense primer, named according to the last 
encoded amino acidresidue, wu u follow 2332, i'-TTCTCGACTTGCQQCC- 
GCXJTAaAGGTCCTGTQCCTCaCAGCC-3'; 

The PCR product was eupcloncd in frame into Signal plgplus (R&D 
Systems Europe Abingdon, United Kingdom) and controlled by sequencing 
in both directions with the Ufie of an ABT genetic Analyser 3.10 (Applied 
Biosystems, Foster City, CA). 

A mature conurining ell amino ocids except madiionine woa added, together 
with ^S-mclhionine 'Ameraharn. Bucku, United Kingdom). The presence of C2 
In die supernatant wns checjeed py sodium dodecy] sulfatc-polyiicrylAmido gel 
electrophQKais (SD9-PAGE) followed by quioradlogmphy, eh owing a single 
band with the expected molecular mass of 23 \tO, 

iHtmunopradpttation oms(& The capacity of polyclonal aMi-FVin 
human Aba to recognize C2 wo* evaluated as described. 7 The assay wds 
adapted to determine whether mAb]4CI2 could prevent the bindins to the 
C2 domain. Assays were carried out for plnflmo sample? from 1 unrelated 
patients with hemophilia A inhibitor, including the polient from whom 
mAbB02Cl I was derived. Thus, mAbl4C12waa diluted to final eoncentra- 
Uqtib of 50. 1 50. or 450 p,g/mL in 500 *4- 50 mM Trie (ui« (hydroxy methyl) 
flminametlifti«)-HCl buffer. pH 7.5, containing 150 mM NaCl, O.ltt 
Nonided NP-4Q, 1 mM EDTA (eihylencdiomtneiotra acetic add), 0.25% 
BelaUn, and S% bovine serum albumin (BSA; NET-gsl buffer). Undiluted 
plasma (20 plO containing polyclonal nnti-FVIlI antibodies was added to 
each vial, and the mixtures were incubated for I hour at 4 Q C. From 1 to 
3 u.F- M j3 S)mcihIonine-labe1ed FVin C2 domain was then nclded to the 
mixture for a fbrther incubation of I hour at 4°C. Prolcin-A Sepbarose 
(20 ftL; Arncrshoni Pharmacia Blocech) wu then added to eaeh viol» and the 
suHpepfiions were again incubated for 1 hour at 4°C. Sephuroae beads were 
ccnuifuged and washed twice with NET-gel .buffer. Bound flntlgenAmribody 
complexes were duicd from beads by boding for 2 mmutes In 30 uJT- SDS 
gel-loading buffet Supernanmt (2 \tL) was token and diluted in 20 mLLumasafc 
(Lumac LSC, Gnmingea The Netherlands) for radioactivity counting. 

Aipoai rive control, an aliquot of 2 pXmAhB02Cll (I mgAntinPBS) 
was added to each of rhe mAbllCl2 solutions, and die experiment was 
carried out as described earlier for polyclonal antibodies. 

BUufins of tn4bl4CJ2 to mitf-FVIlJ mouie mAbs. Microriinuion 
pistes were coated with PBS containing, 2 H-g/rnL mouse mAb to various 
FVU1 domain*, including the C2 domain. PlQies were wnshed and further 
incubated for 2 hours ai room temperature with bJomvhTbeled mAbl4Cl2. 
fallowed by washing and sequential addition of abeptovldin perawdase and its 
substrate. mAbl 4C12 binding was evaluated by OD reading describedearlier. 

In vivo assays 

BJTeetcfmAbMCjl on FVI2I clearance To ensure ihutmAbl4C12 did not 
modify FVHI clearance, C57BIV6 FVu7 -/ ~ mice were injected wim 10 u^mL 
mAbl4Cl2oronTflCi2a mAb of unrelated specificity, followed 15 minutes later 
by an intravenous injection of 1 IU rFVltf. Blood samples were colfeotcd by 
venipuncture o&nr 180 and 360 minutes. Residual FVIN activity wua evaluated 
byuabfi Q functional chmmogenic assay (DftdcBehring). 

tfentrollzailon of tt xAbV02CI I-mcdlated TVJU Inhibition by 
m4hUClZ> The assay was run essentially as described, 31 * except far the 
uhc of mAbl4CU instead of peptides. Briefly. G57BL/6 FVUT' - mice 
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were reconstituted by intravenous injection of I IU rFVIlJ, which gives a 
concentration of 0.5 tU/mL and a reaction half time (/i/i) of 1 B0 minutes. 31 
Residual FVIH activity was measured ex vivo by using a fimctional 
chromogenic assay on b|ood obtained by cardiac puncture. Three mice were 
used under each experimental condition. Mice were injected intravenously 
with 100 jtt mAbB02Cn at concentrations that ranged from I o to 2.5 
u.g/mL in PBS followed 30 minutea later by I IU rFVUI. and the 
concentration resulting In 90% inhibition of FV11I activity (is, 0.5 u,g) wbb 
selected far neutralization aesaya. Controls included injection of a human 
Ig04 antibody of unrelated specirlcify. In a firm aeries of experiments, 
complexes of mAbB02CJ 1 and mAbl4C12 were formed prior to injection. 
Tims, 10, 1, or 0.1 u.g mAbl4C12wna mixed wldiO.S KgmAbB02Cjl in 
100 pi PBS for 30 minutes at 37°C before the mjection, followed by I IU 
rFVIlJ. Control experiments Included mice injected with saline, 
n\AbB02Cll elono, mAbl4C12 alone, and iMbB02CU mixed with an 
lgG2a mAb of unreloted specificity. In a second series of experiments, the 
capacity of mAbl4CI2 to combine with, and neutralize, mAb&02Cl ] in 
vivo was evaluated Tlmfl, groups of 3 FVUI''" mice were injected 
iniruvenously with 0-5 u.p mAbB02Cl I or saline AAer 30 minutes, each 
mouse received a second 100 Intravenoua injection of a mixture 
containing I lU rFVJlI plus varioua amounui of mAbl4C12, ranging from 
0.1 to 10 u.g. Blood sample were collected aa described earlier for 
reaidunl FVIlI activity. 



Results 

AntMdlotypIc Ab, mAb14C12, nautraHzas In vitro the FVIH 
Inhibitory activity of human mAt>B02C11 

BALB/e mice were immunized with mAbB02Cn, a human 
anti-FVlll inhibitor At, that recognizee n ra^jor dotormmtmt of the 
CI domain. 7 The euperoataBte of B clones reacted with mAbB02C] J 
but hoi with en unrelated IgQ4»c or with another human mAb 
specific for FV1II C\ domain. Two of these clones produced Aba 
that inhibited the binding of mAbB02Cll to FVIH in a doac- 
dependent manner and neutralized the FVUI inhibitory activity of 
mAbB02CI 1 in a tunctionol assay Figure I ehow6 the results for 
one of the 2 mAbs, mAbl4C12 agG2a). It can be Seen thnr 
mAbl4C12 specifically binds to raAbB02CJ1 1 whei'eas it does not 
bind to a human antf-Cl mAb (Figure IA). nvAbB02CU binding 
to FVHI can be inhibited in a dose-dependent manner (Figure JB). 
Fifty percent of the neumjlzation or ihe inhibitory activity wns 
obtained in a chromogenic FVIH activity assay at a 1:2 
mAhB02C1 J/mAb14C12 molar ratio (Figure 1C). Feb fragments 
were prepared from mAbi4Cl2 and shown to neutralize 50% of 
mAbB02Cll Inhibitory octlviry at a 1:8 raAbB02CH/ 
mAbl4C12Fab molar, ratio (Figure 1C), thereby confirming that 
the neutralization properties of raAbl4C12 were brought about by 
residues located in the Ab variable parts. 
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FlflKra 2. Homology tulwoon th« ca domain of FVI1I. 
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ogv patten iho variable pa/* of mAbi4Ct2 end tna C2 
dooiBln of FVIII. tndudHQ ono PL frMIns alia (Lou22Bi- 
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model structure Of tna FVIB C2 domain On which amino odds 
Uu?251 end Lau2262. rtQhDBTtfed In blaCK, con be attuned 
wllh Wetttteal ra&l4u« Leu 102 and Uu103 of ihe vH 
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mAbi4Cl2 aro hlahllahled in aiadq enter nwJdww era 
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The efficient neutralization of mAbB02Cll -mediated inhibi- 
tory activity prompted us to measure the binding affinity of 
mAbMCU for mAbBOZCll. This measure was carried out by 
surfeccplasmon resonance, which showed association and difisocia- 
tion rate constant* of 5 X }V and 5 X lfl-V. respec- 

tively. Interestingly, these values are comparable to those calcu- 
lated for the binding of mAbB02Cll to FVUV in keeping with the 
molar ratio of mMB02Cll/mAbl4C12 retired to neutralize the 
inhibitory activity of roAbB02CU at equilibrium. 

As mAbB02Cll represents a significant pert (± 70%) of the 
total inhibitory activity present in the plasma of the patient from 
whom it had been derived, 7 we cbeclced whether the capacity of 
mAbHCn to neutralize mAbB02CU inhibitory activity could 
also be observed when usmfi the plasma, a total IgO fraction, or a 
polyclonal preparation of affinity-purified onti-FVIH Abs, all 
obtained from the patient from whom mAhB02CI I was derived. 
Thus, the volume of plasma or amount of polyclonal lgQ antibod- 
ies waa determined, which inhibited by 80% the activity of J 
IWmL FVTH. aa described in "Neutralization of mAbB02Cll 
inhibitory activiry in a functional FVIII assay." To this plasma 
volume or amount of polyclonal l£d an aliquot of mAbl4C12 ww 
added containing different concentrations of this antibody. Incuba- 
tion of the mixtures and assay of fVJU residual activity were 
cqrried om as described in "Materials and methods." A maximum 
of 60% neutralization of f Vlll inhibition waa obtained (data not 
shown), whereas full neutralization was observed with the poairive 
control containing mAbB02Cll. This finding confirmed that 
m Abr302Ci t represented a major port of the repertoire of inhibitor 
antibodies in this patient and that efficient neutralization could be 
achieved directly in plasma. 

mAp14Ci2 shows extended homology with the C2 domain 

The sequflnce of mAbl 4C1 2 was aligned with that of the FVIH C2 
domain. A significant homology was found between the C2 domain 
and the VH region. Figure 2 show* that 31 amino acid residues 
were found either identical or similar. This Included 13 residues 
associated with CD& regions, but clustering to the CDTU (6 
residues) and CDR3 (6 residues). Interestingly, a significant 
contribution ie observed from residues located m framework 
regions (1 8 amino acids). Moreover, only 2 residues (marVed with 
an asterisk) of the VH region are mutated from the germ I mo 
sequence of mAb!4C12. AH 31 residues are surface exposed on 
C2 according to the crystal structure of the C2 domain 19 (Figure 2), 
as well aa on mAbMC12 VH region, A salient feature of this 
alignment is that it involves I of the 2 CI PLbinding sites made of 
Leu2251 and Uu2252 (total surface of 1 80 A), which correspond 
to Lcul02 and Uu103 in mAbl4C|2 VH CDK3. whereas the 
second site (KJei2199 and Phe2200) is not represented. Taken 



together these observations indicate that the VH region of 
mAbl4C12 in its germ lino configuration carries an extended 
homology of the C2 domain, 

mAp14C12 does not Interfere with f=V||| binding 
to otther VWF or PU and does not reduce FVIII 
clearance rate from thai circulation 

The extended homology between the C2 domam and mAb!4CU 
VH, which involved FViU VWF and PLbinding sites, prompted us 
to verify whether mAbl4C12 was able to inhibit the binding of 
FVIII C2 domain to VWF and/or to PL. No such inhibition was 
observed for either VWF or PL in the presence of mAbl4C12, 
whereas control experimenta carried out in the presence of 
mAbBo2Cll showed complete inhibition in bom cases (Table 1). 
As mAbl4C12 carries only one of the PL binding siteaof C2 (mode 
of Leu225l and Leu2252), we also checked whether the antibody 
could interfere with the binding of a mutant of FVIU with a deletion 
of Ala2201, known to alter the PL-binding capacity through 
Met2l99 and Phe2200. ia No inhibition was found (data not shown), 
indicating that absence of inhibition of C2 binding to PL was not solely 
related to absence of tteMem99-Phe220D residues. 

The clearance of FVIJI is at least in part due to thebindingof the 
C2 domain to tho llpoprotein-receplor-related protein (LOP) recep- 
tor 33 ' 24 and could, therefore, be reduced by mAbl4C|2. This was 
examined in FVIU""'" CS7BU6 mice reconstituted by tail injection 
of l IU human rFVTIT, Previous calculation has shown that the 
average human FVIII t t n m this model was 180 minutes.* The 

Table 1. Effect or mAb14Ci2 on FVIII Wndlng to VWF and PL 

and clearance rata t 

FVHI 4* mAb14C13 FVIII + mAftBO acH 

FVIII Mnano K» VW,* •.! V : *' ! ' .'V.|00% ' •'■^' ; ,V^i4- .'|!Si;.'^'Vn 

FVIII Wndlna 10 Pu% 08 , . 3 (( . . , . , , 

RooJdual FVIU B^1lv|r/ r ,jUVmU\- v ' P-?4.i. " - ,^,N^.^ W.'/n'^'^ 

■ ND IndloalM not oeiermb>ad. 

Th tt eapediy ormAbi4C12 tolrtiwfero wfth me binding of FVIII to VWF or PL waa 
•rta-M in anrymomoted bmnun«orbam ataty (EUfiA)^ W^dm gjja- 
wara cooled w|in VWF or PL aa doooilha*! In -MoiefWI* end mBlhodi-- FV«| (1 |U/mL) 
w pmtnaitieH wlih bulrtr a)ono, or buffor cofilalnlna 1.B6* poymL 
mABi4Cia or mM!B02Cil Bi ■ contrm. end me rpWiurw wore eddad * VWF- or 
PL-cool^d Fulfil. The fftflldiul WndTnQ of FVIII waa evaluotod Hy aaquantlal oddlUon 
of a bWln^Blod FVIM heavy choln-epecing mAd (mAbl« and 
AG Bays ware modo |n duptlcaloo, Paeulu an ohown W portremafl" * FVIII 
blndlneJaKlnDpro(Aaitwt*anwlltit»uffarotanoaBlOQ%. ..,.,_.„ 
. The affool ormAt»1<C12 on FVill o|o«ranP« «roo m»a»ir»d hy InloctlftB 1 1U FVil 
tntrovenousfy Jn C670Ufl FVHI -, ~ mice, fllon* of .16 rolnuloB «^«n^ 
hi-dton or b Btnate of 10 w mA0i4Ci2. Biaactng ™ earned out bMBo 

kcllvlrv wae moanwred In a chmmo D on]fi awy (do»cr!tiBd In 'Ma tone la ond 
mctftDdB-). -The 0.54 IU/mL maaamod in mlco P r*ireBLad with mfcDl4C12 compam 
with the 0.32 (U/mt measUrod In njtoo miactod wltti FV||| alone. 



22-JAN. ' 07 (MAA) 11:44 



P. 



BLOOD. 1 APRIL 2004 ■ VOLUME 1Q3. NUMBER 7 



NEUTRALIZATION OF C2 DOMAIN-SPECIFIC ANTl-FVIII 2621 



experiment was repeated twice with mice that were first injected 
with 10 p.g mAbMCn, fallowed 15 minutes later by 1 IUFVJI1. 
>fo significant difference in PVHI hn was observed in the presence 
of mAbl4Cl2 after either IBO minutes (Table I) or 360 minutes. 
Despite extensive homology between rnAbl4Cl2 VH and the C2 
domain, Ihe fonner does not seam la interfere with the physiologic 
activity and clearance of FVJJl. 

mAb14C12 binds to unmutatod CDRand framework 
residues of mAbBQ2C11 

Aligning mAhl4Cl2 VH and VL regiona with those of 
mAb0O2CU identified □ total of 40 putative contact rosiduefi 
between the 2 antibodies (data not shown). Five of mAbX4Cl2 
residues are homologous to the C2 domain. Interestingly, onlv * 2 
of the 40 putative contact residues are located within CDR of 
mAb)4C12. Residues located in the framework regions of 
mAbl 4C12, therefore, coniribule significantly to the recognition of 
mAbe02Cll. Again, mutations contribute very little to this 
interaction, as only 3 of 40 amino acid residues of mAbl4C]2 are 
mutated l auageBting that mAbl4C12 reacts in its germ line 
configuration with mAbfi02Cl 1. However, 5 of the 40 putative 
contact residues within the variable parts of mAbB02Cll are 
involved in ihe binding to CI. The majority (24 of 40) of such 
residues in mAbB02Cil is located m framework regions, and only 
6 mutations are observed in putative contact residues- This finding 
suggests that mAbl4C12 reacts with the canonical sequence of the 
subfamily of Abe to which mAbB02CU belongs. 

Altogether, the neutralisation properties of mAbl4CI2 on 
mAbB02CIl binding to, and inhibition of, FVUJ, therefore, result 
from a combination oFan extended homology with the C2 domain 
and recognition of mAbB02CU variable part residues not in- 
volved in C2 binding. However, attempts to raise anti-C2 inhibitory 
Abs by subcutaneous (SC) immunization of BALB/c mice with 
mAbl4C12 in CFA/lFAbave failed. 

mAb14C12 Inhibits the binding to C2 of polyclonal antibodies 
from unrelated patients 

The extended complementarity between variable parts of 
mAM4C12 and those of roAbB02CU in germ line configuration 
suggest* lhatmAM4C12 could neutralize anti-C2 inhibitory anti- 
bodies that carry a canonical sequence identical or close to That of 
mAbBG2Cll, This finding is further stressed by the observation 
ihat b major proportion of anti-C2 inhibitory antibodies belong to 
ihe DF5 BUbfamily." We, therefore, evaluated the capacity of 
mAbi4Cl2 to neutralize the inhibitory activity of anti-C2 domain 
polyclonal antibodies of unrelated patients with hemophilia A To 
this end* we used an immunoprecipitation assay in which a 
radiolabeled C2 domain, obtained by combined transduction- 
translation with rabbit reticulocytes, was allowed to react in 
fluid-phase with samples of plasma containing inhibitory Abs to the 
C2 domain. This assay detects all anti-C2 Abs. irrespective of their 
capacity to inhibit the function of FVUI. 

Figure 3 shows that mAb!4CJ2 neutralized up to 50% of ihe 
binding capacity of polyclonal anti-C2 Abe purified from the 
patient from whom mAbB02Cl 1 wee derived (patient G), In such 
an assay, mAhl4Cl2 also significantly neutralized polyclonal 
fmti-FVm Abs obtained from 3 of 6 unrelated patients (patients B, 
D E). Idlotopoa carried by mAbB02Cl 1 are, therefore, present on 
a significant proportion of antj-C2 Abs from unrelated patients. 
However, the capacity of mAb 14C1 2 to neutralize FVni inhibition 
was not paralleled by the result* obtained in tine lmraunoprecipita- 
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Flour* 3. mAM4Ci2 block* C2 domain racoenKlon by inhibitory AIM In pUtjna 
&*mp|oa tokin from pailont* with hemophilia A Inhibitor. Plaima samples of 
unfalgied pailonu wim hemophJIfaA (A-F). or a* iho paljenl from whom mAbBOZCn 
waa tlonad (G), ware pfelncqbaiaa: w||h BO, 1S0, or 450 |*a/mU mAb14CU boTor* 
addUbn of »S-molh]anlnaHBbetad C2 domain, to eatabfloh how much mAb14C12 
una parted to bloc* Ih* btftdna of C2 to )n?#I^ry anUbadloa. IgQ Aba from ploomo 
wcro then pradpllBlctl by prDlaln-A 6cphqmee. and rasldUfll radioactivity wm 
counted on Iho pallet. Maximum btacJUna of C2 blndlrtB (100%) was obtained fay 
adtrtno 160 *iq mAbl4C12 to IT* pVllhnvXbBOaCH rntxlyro. Thfflft aj a plaima 
aanplaa <B,P,F) Bhow rancllvlry With mA014Cl2 anulvalanho fta! of Iho mvAbBOlCH 
aource patient (G), Tha ovparim»nl was run only once and In ■Infll* daiarmlnBilon 
boeauaa of o snorlaoa of plasma malarial- * comrel e^partmanl (not ohftwn) was 
cvrfea out In which human mAbB02C1 1 *m« tmod bwlbfid of polyclonal onUbodtea, 
which moulted In 100% nAUtraJtzaUofi. 



tion assay (datp not shown), jndicniing that, even in the presence of 
antt-C2 Aba. the latter are not necessarily the prominent inhibitors. 

Additional experiments were carried out la determine whether 
the idiotypc recognized by mAbl4C12 was also presented on 
mouse anti-FVW antibodies, Atotal orso mAba were assayed in a 
direct binding EL1SA, including 3 inhibitory mAba with C2 
specificity; none of such mAlM was, however, competing with 
mAbB02Cn. mAbl4C]2 did not recognize (my of theee mAha 
(dam not shown). 

mAb14Cl2 nautrallzoe mAb0O2C11-madlatod Inhlbltlna 
activity In vivo 

To determine whether mAb HC 12 had the capacity of nautralizing 
the inhibitory activity of mAbB02Cl 1 in vrvo 4 FVIIl^'" mice were 
reconstituted with rFVIIJ and mAbB02Cll. M The capacity of 
mAb!4C12 to reatore t«e function of FVm was examined by using 
various concentrations of mAbl4CJ2. Preliminary experiments 
hove established that the of iuAbB02CU and raAbl4C12 in 
FVU1~'" mice were of 3 and S days, respectively. 

Injection of 1 IU FVI1I is sufficient to obtain an average 
concentration of 0.5 JU/rnL. Itnmvenous administration of 0.5 p,g 
mAbli02Ctl 30 uunutca before FVITI completely inhibits FVm 
activity (Figure 4). The capacity of mAbl4C12 to neutralize 
mAbB02CH in vivo and, therefore, to restore FVUI function was 
evaluated by mixing 10, 1, and 0.1 utf mAbl4C12 to 05 -M 
mAbB02Cll before injection to mice that were injected with 1 IU 
FVTTJ 30 roiuutos later. Figure 4A shows thai the mAbB02Cll 
inhibitory activity is neutralized in a dose-dependent manner, with 
50% neutralization obtained ri approximately a one-io-one molar 
ratio. A maximum of 88.3% <± 23.8%) inhibition was observed at 
a 50-fold molar excess of mAbl4Cl2. 

A eccQnd aeries of experiments was carried out in which 
FV1JJ-'- mice were first injected .with mAbB02CN (0-5 u,gj 
followed 30 minute* later by o mixture of FVUI (I IU) and various 
concentrations of mAbl4Cl2. Results similar to the ones reported 
aoovc with the preincubation of mAbl4C12 and mAbB02Cll 
were observed with sequential administration of the 2 antibodies 
(Figure 4B). which indicates llmt in vivo the affinity of mAb!4C12 
for mAbB02CU is high enough to prevent the binding of 
mAbB02Cll to FVUI. 
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Flours 4. mAb14Ci2 capacity U) ro6tar« ncrroal FVW 
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Discussion 

Selective neutralization of inhibitor Aba represents one of the 
hoped-for outcomes of immunotherapy strategies. This outcome 
could in theory be achieved by using FV1H polypeptide containing 
Ab-binding sites, as proposed early after the cloning of FVni was 
obtained. 5 '" However. Ab epitopes Are frequently located in 
redone of FVIU by which U interacts with physiologic partners 
such as VWF and/or PT-. Hence, fragments ofFVUI could interfere 
with aucUhindinfl and reduce the pracoagulant activity of FVIU- To 
circumvent this risk,' alternative strategies have been sought, 
nombly through the use of synthetic peptides mimicking conforma- 
tional epitopes with a limited number of contact residues. 
Ahhough promising, this approach suffers from the fact that small 
peptides have a short $ M ™ d ^ uftl| y * ,ow ftf " mtyi 

requiring large doaea (O achieve a physiologic effect. 

A valuable compromise between those 2 possibilities would be 
to produce lame mimotopes. namely FVTJI epitopes mmiidciafi 
natural ones but divergent in amino acid sequence. This would 
potentially offer better stability and prolonged t\a bs compared 
with small peptides. Moreover, such large mirnotopflH con be 
altered in such a way as to eliminate the risk of interfering with 
FVIU function, while maintaining a Btrong, high-affimry reaction 
with inhibitor Abs. Obtaining large mimotopea by synthesis u 
cumbersome and unpractical- However, anti-idiotypic Abs exhibit- 
ing extended homology with the antigen could serve oe such, or as a 
template to prepare large mimotopes. 

The production of suitable anti-idiotypic Abs fcr tbifl purpose 
has been delayed until specific human rnAba with FVZXl inhibitory 
activity were obtained by derivati nation of peripheral memory B 
cells from patients with hemophilia A with inhibitors. 7 This, 
combined to the elucidation of the crystal stn*c*ro of FVm 
domains." has opened thepossibUity of exploring iti fte . clonal level 
the therapeutic potential of anu>idiotypie Abs for FVUI inhibitors. 

The results reported here establish the proof of concept that this 
strategy is appropriate for designing efficient mimotopes for FVM 
inhibitors. Starting from a unique human mAb representative of a 
major class of inhibitors we have produced an antHdiotypic Ah 
that combines several properties: (1) it carries an °*V™vc 
sequence homology with the C2 domain, spanning more than 90 
amino acid residues: 12) it shows an affinity for Ita yinibls regions 
of the anti~C2 Ab comparable to that of the inhibitor Ab fcrCZ. 
g> itdoai not interfere with ibeblirifal oTTVUIid «or 
?U nor doe B it alter the clearance rota cf FV11J; and (4) it fully 
neutralizes the inhibitory activity of mAbB02CU m a reconsti- 
tuted FVIII-T mouse model , mAK14 p l5 
The sequence homology between the variable parts of mAbl4C12 
and the C2 domain of FVIU is primarily carried by the VH region. 
Remarkably, the latter contains 31 V*^****^"^ 
identical or eimilar to C2, including one fl binding site fLcu225^ 



Uu2252). Interestingly, the homology includes a significant number of 
conserved residues of C2, suggesting significant structural homology 
between the 2 molecules. This homology is illustrated functionally by 
Ihe observation that neutral izanon of mAbQQ2Gl I inhibiting activity is 
obtained at molar equivalence between mAbB02CU and mAbl4C12, 
both in Vitro and in vivo, in keeping with affinity measurement 
mAbHCU can. however, not be considered as carrying a complete 
internal image of the C2 domain, msofer as it does not bind to VWF or 
VU U docs not interfere with the binding of FVW to cither VWF or PL 
and does not elicit anli-C2 Abs by conventional inirnumzation. 

An additional reason hs to why the homology between the C2 
domain and mAbl4C12 VH region is interesting it related to the strong 
participation of residues located in raAbWCU firamewoik regions Qo> 
45°/q), with only 6 mutared residues over a total of 31 (2lVa). In oiher 
words, the C2 domain presents a sequential and structural homology 
with soma families of Abs in their germ line configuration, 36 Jte C2 
domain general organization is made of a barrel of 2 series of 4 beta 
sheets linked by flexible loops and is remuuaccnt of Ihe organization of 
immunoglobuiin domains, with loops represented by hypervariable 
regions, or CDRs, constituting the onrigen-bmding site- 

The results obtained in vivo with FVUI"'- mice reconstituted 
with human FVID suggest that mAbJ4C12 Abs and the like have a 
therapeutic potential Full humanization of the Ab would reduce its 
potential immunogeniciry but will also prolong its / l? to up to 3 
weeks. A single injection could, therefore, exert n fltgiiific&nt effect 
for more than I month, which represents a definite advantage f over 
small peptides. The risk of inducin B Abs cross-reacting with the C2 
domain on administration of mAbl4CJ2 is likely to be remote, 
because of the use of such n fully humanized Ab and the fact that 
administration would be made by the intravenous route opty 
Besides, only a single or n small number of inj«*ions would be all 
that is required. Finally, the anti-idiotypic Ab variable part can be 
used as a template for the design of molecules, which would be 
oven more adapted to the neutralization of Inhibitors, such as 
multimeric versions of mAbl4CU VH region," or combination of 
V regions from different anti-idiotypic Aba, 

The results presented here show that idiotypes recognized by 
roAbl4C]2 are expressed by a significant number of patients that 
have anii-C2 inhibitory Abs. This seemingly reflects the observa^ 
tion tliot the interaction between anti-C2 inhibitors similar to 
mAb0O2CU and mAbl4C12 depends on residues present ro ho 
Ab fierro line sequence. C2 inhibitors are prominent m tf»e 
production of anli-FVirt inhibitors: mAbMCl 2 or a dcnvaUve of it 
might therefore, be helpful for a significant proportion of patients 
with mhibltor. However, current knowledge suggests that a second 
C2 epitope is recognized by inhibitory Aba.' 3 which would mean 
that mil neutralization of C2 inhibitors would require another set of 
anti-idiotypic Abs, Wc are currently extending our approach to 
identify such a second epitope, 

dSrcnUy, 5 main of B-UR epitope h»ve b«n de- 

Gcribrf, although me vast mnjorilV of aiuibodies bind to either Ihe 
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C2 or the A2 domain." Efficient use of anti-idiotypic antibodies for 
patients with inhibitors would, therefore, require in addition to 
neutralize antibodies toward at least the main A2 domain. Whether 
anti-A2 antibodies derive from b small number of precursors as do 
anti-C2 antibodies is not fully understood," Obviously, this should 
be determined through clonal analysis of anti-A2 antibodies 
derived from patients' memory cell repertoire. Whatever the ease, it 
is likely that efficient neutralization or inhibitors would require a 
set of anti-idiotypic Antibodies or of their derivatives. However, full 
neutralization might not be an absolute requirement, as a reduction 
of inhibitor titers to levels of 10 BU/mL or less is sufficient to 
render patients amenable to tolerance induction using infusions of 
FVM. J0 Another possible difficulty might emerge from the fact thai 
inhibitor antibodies change specificity over time and could, there- 
fore, "escape" control by enrWdioryptc antibodies. Specificity con 
change for a number of reason, associated to tho FVUJ product 
used, the conditions under which FVlll Is administered (bleeding, 



infection), but also as the result of an evolving immune response. 
The latter con be brought about by somatic hyperrnutation. receptor 
editing, or epitope spreading. 31 The efficacy of anti-idiotypic 
neutralization of inhibitors will depend on the possibility of 
generating reagents interacting with inhibitors in germ line configu- 
ration, as it is suggested in the present Btudy. 

Potential therapeutic applications include the use of anti- 
idiotypic Abs for Abort-terra neutralization of inhibitors, for 
instance before a surgical procedure. Such Abs havo the potential of 
interacting with B colls carrying the corresponding idiotypo. The 
consequence of this binding can be a functional neutralization of 
tho cell producing the inhibitor or even the translation of a signal 
leading to target cell apoptosis."'^ Besides, the heavy chain of the 
Ab can be engineered in such a way as to favor its interaction with 
complement or with tho Fc-y receptor present on natural killer (NK) 
cells." Therefore, it can be expoctcd thut anti-idiotypic Abs would 
Induce a long-lasting elimination of inhibitor production. 
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